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Total word count (excluding summary, references, and legends): No. of Supporting Information files: 21 (Tables S1-S13 ; Fig that best explains the evolutionary history of this species, 10 and 5 million simulations were run for all scenarios in steps 1 and 2 of the ABC analyses, respectively. The 1% posterior distributions based on the most likely scenario (Cornuet et al., 2008 (Cornuet et al., , 2014 .
Each simulation was summarized by the following statistics: mean number of alleles 2 8 5
and mean genic diversity for each lineage, F ST , mean classification index, and shared 2 8 6
allele distance between pairs of lineages. To assess the distribution shift of Q. spinosa during different periods, the potential
habitats present at the last interglacial (LIG, 120,000 -140,000 years BP), the LGM 2 9 2
(21,000 years BP), mid-Holocene (MH, 6,000 BP), and under the current climate conditions, were estimated using the maximum entropy approach (MAXENT, Elith et (GARP, Anderson et al., 2003) (see details in Note S2). In order to evaluate differences in present climatic conditions between EH-HM and (MMRR script in R; Wang, 2013). Significance was tested based on 10,000
permutations (see details in Note S2). Analysis of the multiple alignment of the four cpDNA regions surveyed across 397 Q. were variable, corresponding to 72 substitutions and 10 indels (Supporting
Information Tables S3-S6 ). These polymorphisms defined 37 haplotypes (C1-C37),
with most of the 46 surveyed populations showing a single haplotype (Fig. 1a , Table   3 1 8 S1). At the species level, the cpDNA data revealed high haplotype diversity (H T = 3 1 9 0.978) and nucleotide diversity (π = 0.00538) ( Table S7 ). The parsimony network ( separated by seven mutational steps, and suggested that C9, C14, and C25 could be
the ancestral haplotypes of Q. spinosa.
The nonhierarchical AMOVA revealed a strong population structure at the species populations within groups, and 7.95% within populations (Table 1 ). There were no 3 2 7
significant phylogeographic structures at the species and region levels. Molecular dating, diversification rate and demography based on cpDNA data
The BEAST-derived cpDNA tree suggested Q. spinosa diverged from outgroup Our LTT analysis revealed an increase of the diversification rate of Q. spinosa
through time (Fig. 3a) . The BAMM analysis suggested a high heterogeneity in the higher diversification rate than EH-HM (Fig. 3b) .
The two clades of Q. spinosa generally presented non-significant Tajima's D and
Fu's F S (Supporting Information Table S7 ). The BSP analyses indicated population sizes declined at the species and cluster levels during the Pleistocene (c. 0.5 Ma, 0.8
Ma, and 0.3 Ma for whole populations, EH-HM, and CEC, respectively; Fig. 3c ). Nuclear microsatellite diversity and population structure The null alleles test indicated a lower frequency of null alleles at each of the 12 loci induced by homozygote excess was detected in two loci (ZAG30 and ZAG20) when deviations within each population after Bonferroni correction for all nSSRs. with a highly variable diversity: Ao ranged from 7 to 27, Ho from 0.091 to 0.538, H S 3 6 2 from 0.125 to 0.581, and H T from 0.219 to 0.868 (Table S2 ). Population differentiation was significant at the 12 loci (P < 0.05; -0.290 to 0.450, respectively (Table S1 ).
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with increasing K (Fig. 4) . Thus, this genetic structure was highly congruent with the 1 5 likely explains the observed population structure is the gene flow-drift model (P = was much higher than that of the other four scenarios. According to scenario 3, the 10 -6 and 0.485, respectively (Table 3) . by MAXENT and GARP (Fig. 6 ). All models had high predictive ability (AUC > 0.9).
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In addition, the present-day distribution obtained for Q. spinosa was consistent with most environmental variables significantly contributing to this divergence (Table S13   4 (Table S11 ). The DFA analysis suggested that 97.8% of the populations were correctly assigned to their groups (Table S12) . Thus, PCA and DFA analysis clearly showed that EH-HM and CEC lineages experienced contrasting environmental
conditions, presumably paving the way for divergent selection. relationships were obtained between pairwise F ST and PC2 (Table 2) . When analyzed between genetic distance and PC1 or PC2 for the EH-HM and CEC lineages. split between EH-HM and CEC, and within EH-HM (Table 3; including Q. spinosa.
The divergence time presented for Q. spinosa should be treated with caution as lineages. Thus, the reliability of dating divergence events needs to be further studied 5 1 3 using more loci. Nevertheless, the divergence time estimated from cpDNA and nSSRs
was almost congruent, supporting our confidence that it reflects the real divergence closely-related fossils to Q. spinosa were reported from the Miocene (Zhou, 1993) ,
and recent phylogenetic studies established the origin of the major oak lineages by the Simeone et al., 2016) . Hence, it is plausible that the split between and within the two the past and present modeling (Fig. 6) . A higher level of fragmentation would be
expected to result in low gene flow among populations, which, in turn, would lead to
higher F ST . Accordingly, population fragmentation in Q. spinosa was much severer in
the CEC than in the EH-HM lineage, the F ST value of CEC (0.343) was slightly
higher than that of EH-HM (0.321) (Table S8) , and gene flow within EH-HM was
significantly higher than within CEC (Fig. S5) . In contrast, BSP results showed a 5 3 5 recent decrease in the effective population size of Q. spinosa (Fig. 3c ). Despite this estimations should be inferred using more loci (Felsenstein, 2006) . The major phylogeographic break detected in the present study based on the and tree species. 962-981. Biodiversity hotspots for conservation priorities. Nature 403: 853-858. Community ecology package, version 2.9. output analysis for MCMC. R news 6: 7-11.
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Pons O, Petit R. 1996. Measwring and testing genetic differentiation with ordered
versus unordered alleles. Genetics 144: 1237-1245. Evolution 25: 1253-1256. using multilocus genotype data. Genetics 155: 945-959. promote allopatric incipient speciation in East Asian temperate plants?
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in Dysosma versipellis. Molecular Phylogenetics and Evolution 51: 281-293. Phylogenetics and Evolution 59: 225-244. diversity-dependence on phylogenetic trees. Plos One 9: e89543. 701-707. Magnetostratigraphy of Paleogene sediments from northern Qaidam Basin, Estimators for cpDNA were calculated based on the infinite alleles model (Φ-statistics) and those for nSSRs on the stepwise mutation model (R-statistics). All levels of variation were significant. See Table 1 for regional grouping of populations. 
